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ABSTRACT

In a reanalysis of the HF (19 MHz) backscatter data from
Plum I-land MA, the occurrence of field aligned echoes from the
E and F layers, called FAE(E) and FAE(F) respectively, was
studied in detail. From this site, direct orthogonality with
. the magnetic field can be achieved only at E-layer Leights,

AR A A A

whereas refraction is necessary for the F layer. FAE(E) during
quiet magnetic conditions (Kfgy0-3) is a nighttine phenomenon
with a definite maximur during the summer, when it is accom-
panied by groundscattered E;. A weaker maximum is observed in
the winter. Geomagnetic activity increases tha occurrence of
FAE(E) when no seasonal control is evident. [During quiet
magnetic conditions, FAE(F) are confined primarily to sunset
hours. The equinoxes show more activity than the solstices,
and the FAE{F) are generally accompanied by F-layer supported
groundscatter echoes. FAE(F) shows a positive :zcrrz2lation
with solar cycle. The incidence o€ FAE(F) increases monotonically
with g, until a threshold value is reached (Kgrp24), beyond
which the depletion in the background ionization causes it
to decreuse, with complete .cut-off for Kgp>7.

In the next scientific report, the occurrence characteristics

of various groundscattered echoes will be presented and these
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will be used to explain qualitatively the observed characteristics
of FAE.
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INTRODUCTION

A <onti-uous series of fixed frequency obligue backscatter
observiirons was conducted at the Plum Island site (42,63°N,
70.82°%; of the Sagamore Hill Radio Observatory between January
1961 and December 1965. The primary objective of this program
was to study the field aligned irregularities in the ionization
density at both E-layer and F-layer heights. These irregularities
are responsible for the auroral clutter which affects the per-
formance f HF, and even VHF and UHF, high latitude radars whose
pu~uose is to detect and track aircraft and missiles (Leadabrand,
1844 ., A prel'minary analysis of a part of this data has been
prescnced by Malix and Aaions (1964) in which they noted the
t1equent occurrence of auroral echoes over a three year period.

A more recent analysis of the data has beer made by Aarons (1971).

Studies of radar echoes from field aligned irregularities
have been made for many years. However, studies of the field
aligned E-region irregularities {to be henceforth referred to
as FAE(E)) have been more numerous as indicated in the review
articles by Booker (19€0), Chamberlain (1961) and Bowles (1964).
This is primarily because it is possible to achieve direct
orthogonality at E-layer heights from most mid-latitude and
sub-auroral stations. The condition that the earth's magnetic
field be perpendicular to the probing radar signal, also refer:-ed
to as the aspect sensitivity requirement, is a necessary condition
for sufficient backscatter to occur. Recent work (Bates, 1971)
has shown that the intensity of the backscattered signal falls
off 5-6 dB per degree off orthogonality.

The detection of field aligned F-region irregularities
(FAE{F)) from most mid-latitude stations, however. will require
sufficient refraction in the underlying layers to achieve orthog-
onality at F-layer heights. In order that the amount of refrac-
tion be adequate, frequencies in the HF range have to be used.
The geometrical situation for the Plum Island site is shown in

T
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Figures la and 1b. The aspect sensitivity requirements are
directly met at 110 km, whereas the lowest propagation angle
achieved at F-layer heights is 100° for straight line prcpagation.
Thus the refraction in the underlying layers has to bend the ray
by at least 10° to meet the orthogonality criterion at a height

L
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,? of 300 km. The interpretation of the F-layer echoes should thus
1% be viewed in this context; namely, the absence of echoes need

not necessarily mean the absence of irregularities but could be

due to insufficient refraction, such as under nighttime conditions.

2. EQUIPMENT

T .e data used for this study were obtained from film records
of a 19.39 MHz sounder located at Plum Island, Massachusetts
(55° invariant latitude). A low powered 1 kw peak-power radar
was used with a pulse length of 1 millisecond and a repetition
frequency of 10/sec. The pulses were transmitted by a horizontal
three-element Yagi antenna placed 0.5A above ground and rotating
at the rate of one revolution every eight minutes. The receiver
band width was 1 k¢. The resulting data were recorded on com-
pressed time-scale film as well as on the range azimuth (PPI)
type frames. The maximum range on the sweep was\s?SO km taken
in 750 km steps. Field aligned echoes, both FAE(E) and FAE(F),
and sporadic-E and F-layer propagated ground scatter signals
were read from the film and recorded on graphs. These graphs

also recorded the azimuth of the various returns and their
respective delays.

3. DATA REDUCTION

For the purpose of this report, the information present in
the graphs referred to above was put into digital form. The
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basic procedure was to record on punch cards the duration of the 3
FAE and average delay, correct to the nearest millisecond for E
each hour of the day. The azimuth of these echoes, i.e., obtained
g from either the NW or NE quadrant, was also recorded. The 3
quadrant behavior, howevrer, is to be treated with caution due to ' E
3 the broad beamwidth (about 45°) of the antenna used. When FAZ's
: were observed, it was noted from the graphs whether sporadic-E
or F-layer supported groundscatter was simultanecusly present in
the same quadrant. Results were recorded on the cards. The
3-hour magnetic activity index Kp. obtained from Fredericksburg,
Virginia or Fort Belvoir, Virginia was alsc put on these cards.
It is to be mentioned that Fredericksburg is a few degrees to
the south of the station whereas the FAE's are .L.ainea from the 3
north. However, Fredericksburg is in the same longitude zone as

-
'

the observing site and this is considered immortant in the

AR

separation of diurnal and magnetic activity dependence of FAE'’s.
The hours in which there was equipment failure were excluded
from the analysis.

i o

The punch cards were first sorted by range to distinguish

it b

between FAE(E) and FAE(F). 1t was found - and range scatter E

it

plots will also show this - that echoes which were obtained with
delays less than six milliseconds (msec) were E-layer echoes.
Any echoes obtained at greater ranges are presumed to be either
direct F-layer echoes or a combination of multi-hop propagation
and field alignment. Each of these two broad categories are
then subdivided according to the K. index. A range of Kgp from 3
0-3 is considered to represent average quiet conditions, whereas =
Kpy ranging from 4-9 represents disturbed conditions. Later E
sorting on the basis of Kg,. alone will justify this grouping. . %
The data, after being divided into the four categories

mentioned above, were sorted to yield the percentage occurrence

in each hour for a particular month. This is an actual percentage
of occurrence obtained by dividing the number of hours the FAE

was present in that particular hour of the month by the total
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number of samples available for the same month. Other groups,
such as that working at Washington State University (Keck and
Hower, 1968) have used a definition whereby an occurrence of

FAE for more than 5 minutes in an hour is considered to be an
occurrence for the whole of that hour. Thus it is difficult

to compare occurrence statistics among various groups of workers.

DATA PRESENTATION

The behavior of the FAE's observed at Plum Island throughout
the years 1961-65 is presented in the form of a series of
histograms showing the diurnal variation of their percentage
occurrence. We shall discuss the characteristics of each type

of echo separately.

4.1 Occurrence of FAE(E)

The occurrence of FAE(L)} for the five years of observation
is snown in Figures 2 through 7. Each diagram represents 12
months of data. The first half of each hour represents per-
centage occurrence of echoes obtained from the NW quadrant in
tha* entire hour, whereas the second half represents the echoes
from the NE quadrant for that same hour. The shading within
the occurrence blocks shows the fraction of time for which
sporadic-E supported groundscatter was simultaneously present.
Figures 2 through 6 represent individual months for quiet
conditions, whereas Figure 7 rcpresents average disturhed months
over the five years of observation, the samyles being statisti-
cally insignificant for each month separately. The number of
samples in Figures 2 through 6 range from a low of 13 (when
there were many disturbed periods) to a maximum of 31. The
month of December 1965 has about half as much data as the othe.
months because tie observations were terminated in the middle

of the month. Equipment failure occurred very rarely. Figure 7,

i T T i b L di ity gkt 3 o o il

S g P

R T

i | (b

1t

R

B

il

Eul e



i

-

even though an average over 5 years, has a similar number of

samples in each block except for a few daytime blocks when there i

are less than ten samples.

The first obvious pattern of the quiet day FAE(E) is its
occurrence in the evening, nighttime, and early morning hours.
There is virtually no da}time FAE(E). There is a greater
incidence during the soistices than during the equinoxes, with
the sumner maximum being higher tﬁan that in the winter. The
winter months, having a longer period of darkness, show:echo

i gctivity more?uniformly distributed over a longer period of
time than do the summer months. The increased occurrence !

during the solstice period is usually accompanied by increased

sporadic-E supported propag:tion occurring simultaneously.

This leads us to believe that there ﬁs a high degree of field-
\ alignmen; in the sporadic-& patches that appear to the north of

the station during the evening hours of the summer and winter

months. The equinoctial periods are characterized by little

or no occurrencé at jail, and very little of the FAE(E) that is

L A L s e Mo WL PRI e o TR Aoy L

present is accompanied by the sporadic-E type propagation so
common in the summer. Thus there is'a distinct seasonal:
%dependeﬁce as well as diurnal dependence of quiet time FAE(E).
One othér obvious feature in these diagrams is the greater
incidence of echo activity from the NW as compared to the NE.

This asymmetry becomes self-explanatory when the geometry of

\ the station as shewn in Figure 1 is taken into consideration.

" Since the magnetic pole is to the NW of the station, a much
greater degree of field alignment!is possible in that direction.
Figure 7, representing the average monthly behavior of
FAE(E)'s over the five years of observation during magnetically.
disturbgd conditions (Kgy 4-9jr shows many features which are ‘

different from the quiet time behavior. A uniformly Ligher i
1]

9 .

nighttime percentage occurrence is obtained throughout the year,
thus obliterating any seasonal differences. in addition, much

more daytime activity is evident in the afternoon hours. The
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su@qer 2nd winter months, even though they have greater echo
activity, have much less supporting sporadic-E propagation.
This suggests that periods of magnetic activity tend to inhibit
the formation of sﬁoradic E. A similar E-W asymmetry :is some-
what reduced, leading us to believe that during periods of
greater magnetic activity the irregularities have a greater
density and are received by a broad beam angle antenna at all

northern azimuths.

4.2 Oécurrence of FAE(F)

The characteristics of the field aligned F-layer echoes
are discussed in this section. This 1s a more complex phenom-
enon *han the E-layer backscatter where orthogonality consider-
ations are universally met. The monthly percentaée occurrance
curves are presentad in Figures 8 through 13 following the same
general procedure as for thé FAE{E). The only difference is
that the shading in this case represents the fraction of time
for which the FAE(F) were accompanied by F-layer propagated
groundscatter. This gives us an idea »>f the amount of
refraction available to produce ortﬁogonality at F-layer
heights. The most obvious feature of the quiet day hi%tograms
(Figures 8-12) is the sunset peak of occurrence of these echoes.
The peék is present throughout the ycar, but the equinoxes show
more activity than the solstices. It musf be remembered that:
there is a great deal of FAE(E) during the solstices which
reduces the energy.reaching F-layer heights..

A closer look at the diagrams shows thai the peak echo
activity shifts with the time of sunset - the peak occurs
earlier in winter and much later in summer, a fact already
pointed out by Malik and Aarons (1964). The supporting ground-
scatter pattern follows the echo pattern, and it is the gradual
decrease of the groundscatter later in the evening that is
responsible for the tapering off seen in the echo activity.

This will be more clearly seen in the groundscatter contour
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diagrams to be preseuted in a later report. From scintillation
boundary concepts (Aarons and Allen, 1971), we know that the
late evening and midnight hours are precisely those during which
we expect an increased probability of finding F-layer field
aligned irregularities at the latitudes of interest. However,
the decay in underlying ionization at these hours makes it
impossible for the ray to achieve orthogonality at the higher
heights.

Some daytime backscatter is evident, almost all of it
entirely supported by groundscatter. This shows that during
the daytime refraction is adequate, but the absence of irreg-
ularities is the usual limiting factor. It is interesting to
note that there is hardly any daytime backscatter activity
during the summer which is probably due to the high incidence
of Eg. We shall see later that most of the daytime FAE(F) observed
have large delay times. There is a great deal of year-to-year
variability in the occurrence statistics - in general the
higher sunspot years showing greater activity.

The average behavior of the disturbed day FAE(F) is shown
in Figure 13. As in Figure 7, each month represents the wean
over five years of observation. There is an increase in the
daytime backscatter throughout the year except during the
summer months. There is also a shift in the sunset peak towards
earlier hours of the afternoon. We shall further discuss the
disturbed day features later in the report.

RANGE DISTRIBUTION OF FAE.

The range distribution of FAE's is presented in Figures 14
and 16 through 18 on an individual seasonal basis to determine,
if possible, the most probable ranges for FAE(E) and FAE(F).
The diagrams include backscatter from both quiet and disturbed
days in each season. The seasons are defined such that spring
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represents Feb-Apr; summcr, May-July; fall, Aug-Oct; and winter,
Nov-Jan. The ordinate represents the total number of hours of
backscatter echo obtained with delays ranging between 2 and

25 msec. It is to be emphasized that these are not percentage
occurrence curves, but each seasonal curve shows the total
nurber of hours of echo obtained in a particular season out of
a possible maximum of roughly 90 x 24 = 2160 hours. The graphs
are not shown as histograms in order to facilitate the super-
position of data obtained during the five consecutive years.

Each seasonal curve clearly shows a maximum around 3-4 msec
delay and again around 7-9 msec delay with a distinct minimum
at 5 msec. Thus it is quite reasonable to assume that the
echoes represented by delays less than 6 msec are FAE(E), whereas
the echoes obtained at delays > 6 msec originate in the F layer.
The range corresponding to each millisecond is 150 km for free
space propagation. Referring to Figure la, we find that for an
E-layer height of 110 km, delays of 3-4 msec correspond to
elevation angles of 6°-10°, and for azimuths centered around
magnetic north, these delays correspond to propagation angles
ranging betweea 89°-91°. A direct comparison with Figure 1b is
unjustified for the i'-layer echoes, as considerable refraction
makes the ray paths deviate greatly from idealized straight
line paths on which this diagram is based. 1In addition, there
is a much greater variability in the height of the F layer.

The long range fi:ld aligned echoes, though only a small
fraction of the regulax FAE(F), show certain interesting
features. All the seasons show small peaks around 13-14 msec,
another close to 18-19 msec, and a very small one near
22-23 msec. The first two of these roughly correspond to a
2F1E mode and a 3F2E mode respectively, in terms of their
observed delay as shown in Figure 15. It should be noted that
for the 2F1E mode the field alignment is in the E layer, wheresas
for the 3F2E mode the field alignment is in the F layer. Later
diagrams will show that thcse long range echoes are observed
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only in the daytime when there is sufficient ionization in the
E layer and the F layer. The possibility of observing such modes
of propagation has been demonstrated by Agy (1971) using ray
tracings through a model high-latitude ionosphere. The radar
used being of low power, these modes have the added advantage
of a minimum number of traversals through the absorbing D region.
Figures 16 through 18 show similar characteristics for the
three other seasons. Figure 16 which represents summer conditions
is somewhat different in as much as no long-range echoes are
observed. The decrease in F-layer activity may be attributed to
two causes: (1) the summer decrease in f,F2 which decreases
refraction and (2) the high incidence of sporadic E which
severely decreases the energy reaching F-layer heights. Figure 18
representing winter conditions has only four graphs superposed
¢n it since winter 1965 was not complete, observations having
been stopped in the middle of December. The interesting point
to note on this graph is the relatively large peak at 22 msec
which is probabtly due to the ground supported 3F mode with field
alignment in the F layer as shown in Figure 15. The winter
fo,F2 being the nighest and f,E being the lowest of any season
in the year, conditions for observing such a mode should be
most favorable in the winter.
To show the diurnal variation of the range of echoes in
any given year, the day was divided into 3 different time
periods: a daytime period between 0600 and 1800 hours, a sunset
and pre-midnight period between 1800 and 2400 hours, and
finally the post-midnight period between 6000 and 9600 hours.
The resulting graphs for the years 1961 and 1964 are shown in
Figures 19 and 20. All the long-range echoes are confined to
the daytime period, the evening hours show both E-layer and
F-layer activity, whereas the post-midnight period shows only
E-layer activity. It is interesting to note that thie horizon
for an altitude of 300 km is represented by a distance of

approximately 2000 km which corresponds to a delay of 13 msec.
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As such, all the activity in the evening hours can be explained
in terms of direct reflections from the E and F layers, and
those in the post-midnight period from the E layer alone. The
daytime long-range echoes are, however, obtained from distances
far beyond the northern horizon where the probability of
encountering daytime irregularities is much enhanced. The year
1964 (Figure 20) shows reduced iong range echo activity because
of the reduced solar activity being indicated by the very low
sunspot numbers (Figure 28). The percentage of all echoes
obtained with a particular delay are shown in Figure 21 for the
years 1961 and 1964. The other years, with sunspot numbers
intermediate to those of these two years, have comparable
behavior. In order to get an idea of the total occurrence of
backscatter, it shculd be mentioned that backscatter occurred
for only 6% of the time throughout 1961, and of all the
occurrence noted, only 5% was of the long range kind, i.e., with
delays greater than 13 msec.

AVERAGE SEASONAL BEHAVIOR OF FAE

The average seasonal behavior «. FAE(E) during both quiet
and disturbed magnetic periods is shown in Figure 22. The
quiet periods represent approximately 400 hours of data while
the disturbed periods range from 25 to 100 hours with the
majority of time-blocks ranging between 40-60 hours. As pointed
out earlier, the increased occurrence of FAE(E) during magnetic
storms is very prominent in all four seasons. In addition to
the increased evening and nighttime occurrence, there is a great
deal of daytime occurrence. In fact, virtually all the daytime
occurrence during these five years is during disturbed periods.
The other interesting feature is the decrease of simultaneous
Li-supported propagation that accompanies the increase of

FAE(E)'s during storns. This suggests that magnetic storms
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inhibit the formation of Eg clouds. However, an influx of
charged particles at E-layer heights is responsible for the
enhanced FAE(E) (Paulikas, 1971).

A similar diagram for FAE(F) is shown in Figure 23. Here,

too, we find the same obvious increase with increased magnetic

activity, except during the summer where the opposite scems to
be trie. The summer storms at these latitudes are usually
followed by a large depletion of the F laye} (Mendillo et al,
1969), and this reduced ionization seems to be responsible for
the decreased FAE(F). There is some daytime occurrence of

- “gh backscatter even during quiet days. As a matter of fact,
all the long-range backscatter (> 13 msec).shown in Figures 14,
17, and 18 were obtained during quiet pericds. There is an
increase of daytime backscatter during disturbed periods but
they are all of the direct-F kind. It seems that during any
magnetic storm Situation there is some depletion of the bottonm-
side F layer as well as increased absorption which is adequate

to block out the long-range echoes.

FAE AS A FUNCTION OF MAGNETIC ACTIVITY

We have seen that gzenerally both FAE(E) and FAE(F) increase
with magnetic activity. So far, however, we have considered two
ranges of activity only. To study in detail the dependence of
backscatter on the level of magnetic activity, the FAE data
was sorted according to the Kgpy index. The result for the case
of E-layer irregularities is shown in Figure 24a, in which the
percentage occurrence of echoes is plotted as a function of
Kgr- The data represents the entire five year period under
consideration, and the number of hours of observation belonging
to cach Kk interval are indicated on the diagram. As before,
the first half of each K interval represents returns coming from
the NW, and the second half from the NE. The sample size becomes

e A s
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rather small for K indices ranging 7-9. It is very obvious from
this graph that the E-layer backscatter is a very sensitive
function of the K index. Between K indices of 0-3 there is the
usual E-W asymmetry in the iﬁcidence of echoes, but the percentage
occurrence remains small. Beyond Kep 2 4, the percentage
occurrence increases with each integral increase of K. It
finally levels off for Kgy 2 6, and the degree of asymmetry
levels off also, because irregularities appear at all northern
azimuths during severe magnetic storms. Figures 24b and 24c¢
show the same data when separated into daytime (0600-1800) and
nighttime (1800-0600) hours. Figure 24b shows the total 1lack

of FAE(E) during the daytime for K range 0-3, and a pronounced
increase beyond that range. The nighttime hours show a gradual
ipcrease for the low indices with the same prominent increase
for the high ones.

Simflar diagrams for the F-layer backscatter are shown in
Figures 25a-c. The total occurrence characteristics are greatly
reduced - note the magnified occurrence scale. However it is
interesting to note the monotonic increase of occurrence with
K index up to a value of K=4, beyond which the occurrence tapers
off becoming zero for K > 7. Now, from scintillation studies
(Aarons et al, 1963), it is a well known fact that the incidence
of irregularities increases with Kg,.. Thus the decrease in the
FAE(F) 1s to be attributed to the depletion in the underlying
ionization during severe magnetic storms. The daytime situation
alone (Figure 25b) represents the 24 hour picture, as the
nighttime occurrence (Figure 25c¢) is insignificant. We have
seen earlier (Figures 19 and 20) that all of this low nighttime
occurrencc takes place in the pre-midnight hours. The shading
within the histograms, which represents supporting F-layer
propag~ted groundscatter echoes, shows a behavior similar to
that of the field aligned echoes, i.e., increasing in proportion
to the increased echo occurrence and then tapering off during

severe siocrms.
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8. SOLAR CYCLE DEPENDENCE OF FAE

RFTERTY 1 0 SRLL

el

To study the solar cycle dependence of the field aligned

echoes, if any, percentage occurrence contours of both E-layer

AR

and F-layer echoes were drawn for the entire five year period

of observation. The data base was restricted to quiet magnetic

conditions, and the occurrence statistics in the NW quadrant
were used for drawing the contours.

The FAE(E) contours are shown in Figure 26. The yearly
summer maximum during the evening and righttime hours is the
most distinctive feature. There is a much weaker but quite
definite secondary winter maximum. No definite solar cycle
dependence is discernible from the contours. A reference to
Figures 19 and 20 shows that there were more hours of FAE(E) in
1961 than in 1964. However, it is difficult to come to a

definite conclusion with the limited solar cycle coverage
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available.

The FAE(F) contours (Figure 27), show a positive dependence
on the solar cycle. There is a gradual decreage in the incidence
of echoes from 1961 to 1964, and then an upward trend is observed
in 1965. The rough sinusoidal patteran of echo occurrence is

cvident as it follows the time of sunset throughout the seasons,

the echo ons2t being much earlier in winter than in summer. The
mean monthly Zurich sunspct numbers for the period 1961-65 are
shown in Figure 28. Though a general trend is clearly visible,
there is much mo.th-to-month variability indicating that this

kind of variability should be expected in the FAE data also.

9. SUMMARY AND CONCLUSIONS

This detailed study of field aligned irregularities in the
E and F layers of the ionosphere has yielded valuable information
regarding the diurnal, seasonal, and geomagnetic control of the

occurrence statistics. The important characteristics of each

18
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type of echo will be summarized below.

9.1 FAE(E)

1.

FAE(E) mostly occur at delays of 3-4 msec and are more
numerous in the NW quadrant which contains the magnetic
pole.

During quiet magnetic conditions (Kg, 0-3), FAE(E) are
confined to the late evening and nighttime hours.
FAE(E) shows a very definite maximum during the summer
months. A weaker maximum is observed in the winter.
However, the diurnal variation mentioned in (2) is
always observed irrespective of season. The summer
FAE(E) is mostly accompanied by simultaneous ground-
scattered Eg echoes.

4. Geomagnetic activity increases the occurrence of FAE(E).
A great deal of daytime activity as well as increased
nighttime activity is seen. No seasonal control is
evident. A marked decrease of simultaneous ground-
scattered E; echoes is observed.

5. There is no clearly defined solar-cycle dependence
of FAE(E) observed in the data.

9.2 FAE(F)
1. This type of echo is obtained only when sufficient

underlying ionization makes it possible for the ray

to achieve orthogonality with the geomagnetic field

at F-layer heights. FAE(F) are mostly observed at
delays of 7-9 msec and, like the FAE(E), occur mostly

in the NW.

During quiet magnetic conditions FAE(F) are confined
primarily to the sunset hours. Some daytime activity

is obscerved with delay times ranging between 15-25 msec,
These long-range echoes can be explained in terms of
multi-hop propagation and field alignment.
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10.

3. The equinoxes show more activity than the solstices -
this can be explained in part by the greater FAE(E)
activity seen during the summer and winter, which
decreases the amount of energy reaching the F layer.
The time of the sunset peak naturally varies from
season to season. The FAE(F) is generally accompanied
by F-layer supported groundscatter echoes.

4. The dependence of FAE(F) on geomagnetic activity is
very interesting. A monotonic increase of the daytime
FAE(F) with Kp,. is observed until a threshold value
is reached (Kg,=4), beyond which the depletion of
F-layer background ionization causes it to decrease.
Complete cut-off is attained unaqr severely disturbed
conditions (Kpp27). '

5. The incidence of FAE(F) shows a positive correlation

with the solar cycle.

FUTURE WORK

In the next report the occurrence characteristics of Eg-
layer and F-layer supported groundscattered echoes will be
presented. In addition, fE; and f F2 of relcvent ionospheric
stations will be studied in an effort to explain the observed
characteristics of field aligned echoes as well as ground-
scattered cchoes. It is hoped that the FAE(L) can be explained
in terms of both the occurrence statistics of Eg and the
equatorward movement of the auroral cval in times of magnetic
disturbances. On the other hand, the diurnal pattern of the
scintillation boundary under quiet and disturbed conditions,
and the change in F-layer ionization as a function of time,
latitude, scason, and magnetic conditions, will be used to

explain qualitatively the observed incidence of FAE(F).

b ool s




e R e iiainiieg Sl e ————r - - — - [ -
i i St R s e i

L

N

1’ MAGNETIC \\
NORTH

it

I MR

v Ay e o 06 "
R T i T T
CoaR L b o LB
T b e e T M

st e S
—

A s

t.‘ﬁ.:)"'hm &

U R S S

“’

ot
AN e A

5
03
5

£
E
:
{

RANGE AND ELEVATION
ANGLES FOR A STRAIGHT
LINE PATH

ELEVATION]1200
ANGLE RANGE (km)
(degrees)

FIG. la PROPAGATION ANGLE CONTOURS FOR
PLUM ISLAND MA A7 110km HEIGHT.

0 L 0 R

21

e




< e — . . § ;
N TS T R N e et D ey M T R - N i

MAGNETIC \\
NORTH \

AN b I e o Lttt BN SR

B LA Kb

b S
.
(@]
Q
[~}
-
—
—
—

T R TN Y TN
R TR b

B Gt

500
1000

1200
1400

11600 RANGE AND ELEVATION
2411800 ANGLES FOR A STRAIGHT LINE PATH

()

ELEVATION]| 2000
ANGLE RANGE (km)

(degrees)

FIG. Ib PROPAGATION ANGLE CONTOURS FOR PLUM ISLAND MA AT 300km HEIGHT.

%m:mmmwwmmmmmﬂmwm.m!ommmmwimammWWwwmw«wmﬁﬂmw-mmmww'mw.'mmwmﬂrnm1%.m‘m'm!rftmycummwmwwmwﬂmmmmmw“A'Gécﬁc?.r'yfm‘mmJf’fnm

T —




=" I ol
Ao o= -

st

L N T

LRI R A R i

144 81 2l 9

inaansananand AARM AR RARA LS| TYITITOL YTy T T

0 2 81 21 S

Sl is b A T R S R Vit e Gl R G R S G e 1 T

.

i
Y
. e o s

. 196! ONI¥NG €-0 4% Hod
SLHOI3H ¥3AV-3 Lv S3IILi¥VINS34MI G3NOITV 1314 WOHH H¥3L1vOSHOvE

1S3

—4_-.-...._.-._._._q-_..-_...-._-_4_:‘-._ ™)

mE_ =m:: qd :cw

-4

230

(aaaasa22a220 RARS A RASARS AARARARERERE RARALEREAARE

.

-

=

3ON3YHNO00 ON ]

d3s 1

[sanaliasans ne MMM A MAE M (AR AR AR RS RARAARRA RSN
¢ _ _ cc 1t
ﬁ -

Al NP ﬁ .

(aanaasaassas o nE A RERALE MDA AR TYTr I syrrrrry)

o UL

VN

E:.C!
-4

-

0 ¥

AON -

Hﬂd-..-‘¢<-._-..<-¢_.-¢-...-..4..-._....._._.-4.

[aznassasasnt nanuASRs REAS MRS rOYTTTYreTTIYYTTINY

Eﬁt |2 had

120

 AAAAAASASATAAMLMAMA MM MAAANLAALA MAMARN rm

-

L

oNnv A

3N SI HNOH 40 4TVH QNOD3S o
MN SI dNOH 30 4TVH LSHId

U o E

ane

Raaananansaandagasataasd MAMARALASAS RARARLARALAS]

1-._..:-_._4_.......-._:...-..:.4.1_.1-.4443

$39 8 3v4 ]
3vd [

qqd:.-.-..—4-._--.._._....1-._-_._._.-q-._-..—

-

AVN

Hdv

31.-11—.1—..1“44<--...-.—:..._..-:«.-q- TYYYTIT]

==: ou u

834 |

o=l ::: :.:_._ _._:c

1961 NV

QL i i VS UL i R i DS

P———

¢ 9Old

81 [ 9 0

o
g ¢ ¢°

Ol
02
og

Q O O O
N N -
00 IN3343d

3ON3¥dND

O
12

o

Ol
oe

o¢




%ggﬁ ALk

I P T R T T

) 2361 9Mng €-0 4y wod
W“ SLHOIZH Y3IAVI-2 LV SILLIEYINDIMYI GINOIMV 31313 WOBS mx_t«.cuxoqa ¢ Ol _
| _ 1S3 .
m v2__ 8l 3 9 o vz 8 2l 9 ¢ v ‘m [ ,g
ﬁ T _ .\\.u,_.. Lix pARARARA MRS RARARLMLALA | YT TEITTTTTYTTTYY 1..._:..“_. !i.ﬂq:“.mw.“,:.—... Ty v L SEYTETTYY Y - O .u,, Q_«
: EEE 4 _.__._rr“u._E AR vy TR __. ] é
- ] A | 101 \
I S B | 1oz ]
ﬁ 03¢ ] AON 10 lgg ,A
V [ AAASAARMLAL RAMSAARANARE MAMAAMASA ,111133.3 fadoassanadnsnafiasasnsns ot aaadiohe | .14.‘ [anans! MAMAMMAMALMAAALAS SILSA MR SMAMMAMMAM !

2 - = — n 10
| k | R 1
3 : - _. . . 101
| B o
x . onv . 0%
co A43S 3N 5t ¥NOH 40 4% H ONDD3S - me Ige
MA' S1 HNOH 40 479" L7413~ .

ul
Y " faansashassas nuaaha Aa il N AAMALRL RS MUMLMLEAMMS] _..1734.11J YO AT CY T CTTIIYTINY . . [rTTTTT YT T PYTTTrrT s (I TrrrYTT o

T 4} T, o

3ON3YENO00 LN30H3d

1
. 3 , .
] . i 3ON3YIND0C CN 02
- 1 § A K 4.\ " o e Q
nAr 3w ree D g #av Jog
~vi ]
1..411413 ﬂ1\.\.4“;143114~544 T T PR TTYTIYT R _J._J.qﬂJ.JJﬂJju.\.‘ g 7 b P TTTTeT A laainaatosnsusians osaiel atusadhatts MR AARELY

= 1 T I %éu Jegﬁz

-0¢
YW T , _ CEERN 226! Nv? ,_on

G bkt L BD e, |
R AR Ay iy




IRty

i €961 9NI¥NG €-0 ‘4% yO4
- SLHOI3H Y3IAVI-3 1V SIILIYVINGINYI Q3NOITV Q1314 WONS4 HILLIVOSHOVS v 914
- ve 8| al 9 0 42 8i al 9 0 2 8| 4] ) 0
1 g 3333333 | 0022200 AR RA RS AR AL AR AR AN QAR AR AR RAREAR AR AR A ] M RAMAAMAAS RAAA RS RARASS RERE AR MA RO 00 AARARAAE DA B |
T L 1 T T = A= ] 1°
| 1 - . 30NIYHN000 ON y
’ ) 198
- 93¢ S AON 120 Jog
Y _ - 3u§3§14441]313 o
= 0] 5% ] I
- - . {01 @
| ] loo &
7 | onv ] 1% o
43S _ 3N S| ¥NOH 40 TVH ONOD3IS - | mne 0¢ -
- ‘ MN Si YUNOH 40 4TVH 1SHI4 ,.L o
w ] EE_ S _é_, Y I =
- . U] Ho1 A
. . ) 102 @
) 1 $39 9 3v4 [ 7 i T P
Nar avs ) AVAN Jog
T T T T T T T Y P T T T T Y T T T M ARRERAREAIRIadnansasRzasdiazasasnsafaiasasasan laanana
] ] mges v ]
- - 3 . 401
3ONIYHNDO0 ON ) 3ON34HN000 ON ] L.om
_uun ] 834 g96l Nvr Jog
R R AL e :_. Ly e%é&%%ﬁéﬁﬁgéig%gggﬁggsL,_ b e e

!

IR

§

Fitht

25




it R R BRI B T AT

LUEIELAH M

Rl

L S R i A R R T A T

R R T A R

96! ONINNG €-0 14X HO4

183

SL1HOIFH H3AVI-3 1V S31LI¥VINOIEY) G3NOINV G314 WOHS H3L1ivOSHOvE

3vd ]

e 2] 2l 9 0 v Bi el 9 0 8| cl ) 0
[aaassansssis nd iahaans naidasl PIYTYTYTITVIvTeyYyrey 3134.%«4141*1«4—.«4344344‘43 (rrrTITrE TV I e TY Y Yy TETYTI YTYITY VI LTI
-] -
23q AON . 190 ]
[ MaanSsAAAMM RSAMMAMA M MMM SMMAAL LML) DOAMMAMBAMSLAM [ MAARMLMALAL MU R MM MU MM ML A0S
S A
-4 R
onv ] j
d3S 3N SI ¥NOH 40 37TVH ONOD3S - ane

MN S) HNOH 40 4TIVH 1Suld
(MaRaAAAR S RASARARARE S MAALARAR A LS MR LM ARSY] [T T YT T T T Y Y I T T T T TN I T T T P T T T T T Y R TTIP T P YTy Y T Y YTy
mr oy W ]
- ¢ -
B s - .
AP 983vd By ] HdY

14.1114344.34.3.11111111114«144111.3

| R T S

834

g ety

£961 NVl

G 914

0

0l

02

o¢

0

o3
X

02 &
b4

og
(@]
8

0 c
. X

ol ;o
<

02 &

o¢

0

(oY

oe

N Y R BT R

26

i Eéﬁéﬁ

e

o




Lt R RN

X S96! ONINNG €-0 9% ¥od | w&
m,, SLHOI3H ¥3AVT-3 LV S3ILIYVINO3HYI AINOITV G314 WOHS HILLVOSHOVE 9 Ol14 ;
I .—.mw '
ve 8l al 9 0 2 8l el 9 0 e 8l 2l 9 0
”. _ 33333313! _.Jm.iui%digggj o
X u Y ] .
| hk o A il g
A n - 101 ;
i . . {0z
w 03a AON 190 Jgg ,
§ §
,4 P - R . |
! .4== ] §_=_=¢ E_EE h J_EE ,
” . 1 . 19" @ i
: 1 | 1.2
] onv g
d3s .| 3N SI ¥NOH 40 JTVH ANOO3S - | mnr lge -
MN S1 HNOH 40 47WH LSHI4 o
(M aaAAA s as na i astbanranankasirssnanzsadaansns! (azanasanasisassanansnansnzntalonsss danzasannsas! MAAMAMALMAMMMAMMAAMALM MMM 0 m )
— ] 14} . el 5184 ”
- A 4 o) ;
- . o1 A
4 ; {2
-1 - 102 % :
— 3983v4 0 ,yw ] ¥dv
Nar . avs ] - -0g
MMM AMARRIAAMRAS AR AR AR AIaa st s na s ns s ns s s s T T T T T L T T e T T T YT SRR Ce e s s aaur e aaaarasaannasnaradatlsgss]
had 011 .u qqJu ] _Hugﬁd. P 8218 00 X
GS6! NVP




st JUE SRR S VR R

T U RIS A R el 1 N 1 e TR R PO B Eh

696! - 1961 ONI¥NG 6-b 4% HMO4 HLNOW HOV3 Y¥O4 HILIVOSHOVE HIAV1-3 JOVHIAV L

1S3

old

e 8| ve 8l el 9 0 8l 2l 9 0
134414444414 14.41444.411.‘411._ m Y ™ AMMAMAMM MMM LM MASA MM MALARA M)
J -1 T ™) 0
E_ . gﬁ::?e LT -
1 = 101
_._= 1 7] 402
934 1 AON 1 100 1
i - -~ -0¢
rrrey Msasansadises! T P T T T I YT YT T T YT YT YT T T Y YY)
T )
4 ] E_ E:: _ r E@ E_EE o
| * das | onv - e oz
%éjl - 331411&311141113 . o
._. ] I _ ] 1) 13} 1
- 1 4101
- 1 AVN -10e
1 7 1
J - ‘3N SI MNOH 40 47VH GNODIS 1°¢
NA ] AN SIHNOH 40 4TVH LSHId | 4V 1o
|
MMMMMMAMAMAALA MALMASAAM IASAAAASIAS _ IMASAZASRRASAARARAMARARI RANANARARA RS RuRR AR ALY ] _ O
M U I Il il
. 1 -101
- $3983v4 ) - -~102
1 3vd [J : i
. . -10¢
HYWN ] il 834 u NvP ;.0¢

3ON3YYNODO0 LN3DM3d

ittt




SLHOIAH H3AVT-4 LV S3ILIHVINO3HYI G3INOITY 01314 WOH4 H3LLvOSHOvE

¥e 8! 2l 9

(8RS RARARA M AR RAR AR AASE RS RADAAS AR ANRE]

1961 ONINNG €-0 ‘3% HO4

183 .
0 2 8l el 9 0]
é o ]
1
AON ]

ur Hi| u 4.*. 08 y
.. -4
] onv -
d3s 3N 1 YNOH 40 JTVH ONOIIS —
. MN SI ¥NOH 40 4TVH 1S¥ 14
33%31‘ 331333
, c ) :~ g .
Nnp 498 wum m AVA

[aanassanankaadasnanaadasaandinnssiieaassnsasnsnsl

(MMM RARAAS LA RARARARARA RS SARIRRAARLAS CARAREARAR AN

e B8l 2l 9 0

(a0 A Ae AR o AN AR AR AR ARARSS RN LA AAREAS A RN AS]
v -0

Rl |
401
102
100 lg¢

31114143343130

=: 01

loz

ne Jog
T
1 los

.. 02

ydV L,on

[T P T T I T I I T TR T

LETRENE G R adiibadiad 1 17 had N ] 15 o Y 10
00 . == E U 1 U o,

- 0¢

| HYW 834 | 1961 NV Jgg

kG e G R A S T e L G e T AL

8 94

3ON3¥YNOO0 IN3DH3d

AT

TR

Lkl

i
il

29

UL




R b

SR

SLHOI3H Y3AVT-4 1V S3ILI¥VINOINYI 3NV 41313 WOHd4 H3LL70SHOVE

144 8! al

114...11341.3 T .144344133

T TP oAb

R T AT

I T, A B R

2961 ONIYNG €-0 9% yod

1S3

0 e 8! el 9 0

AR AR RS AR RE RS A RA A AN AA RS AR RA AR A NS AL RN AR RE]

6 O1d

144 8l l 9 0

(aaanaanssaninahiibilindaatuiibbsaahan auashass ARt |

é%:é . _ ; T
03¢ AON | | 190
i " ] ,
] .. K
[MAMMAMMMMMIMMAM MMAMASLM MAMASMALMI (AR AS A RS AR AR AR RS AEALASRERNLE REARESRESD AN iuiggig
¥, 0] .” =Ty .“ r_.
| . onv |
aas ] 3N S1 YNOH 40 4TVH ANOI3S ] | ane

(pandad s niiSasna Al Ns MaRASNA Ra RS AN AR B

MN S| ¥YNOH 40 JTVH LSHIJ
(nasahanaauasnaasasasssnlasnensasndle nahsasanasns!

[ pA AR AR AR ARG RS RS AEARRAAAARS AR AL AAR )]

[ _ || ] Rty | 1] Bl
. -
. 499 3vd ] )
nr | Hdv
N avs [ AVA ;
s AS ARAA RA SRR RS AAAARS AARAAR AR AR RARR AR AR R ] rrerr T TIYTTTIYITTT [aaashansaialnansadakasastsnsbanbabasbiassuticasa]
| FE: ar = gl i
HVW 834 2961 NP

10
‘,_O_
.ON
(0}
10v
oS

| S T 1

| B

10
Joi
102
Jog

-0
-101
-02

10
101
- 03

3ON3HYNIJ0 LN3DYU3d




335333;3

G Ci TN U e DR %?5..Eééjiﬁﬁs_._é
i i by L

R E A L gﬁqﬁ&?ﬁ%iﬂgﬁgﬁéuﬁ%g%gﬁﬂﬁggta i e

UL LAl ot Ul

i

€961 9NINNG €-0 *9M YHO4

S1HOIAH H3AVI-4 L¥ SIILIHYINOIYYI Q3INOITV Q1313 WOH4 H3LLvOSHOVE 01 914
1S3
v 8l 2l 9 0 2 8l 2l 9 0 P2 8] 0
éa%&gJ (AR LA LERR AN RARA R RANRARRARA RS RARARARE RARE] B —.13.4114411114_,.4 1444. Lakhaaas 12.1 TIVETTT) o
I
i | . i
B - -102
] -4 .
030 - AON _ 190 Jg¢
1 AAMSLMLSAM SAMAALM M MMANALM MALMALM TR ..1“444113413111._1114.3131 . O
¢ Rt <)
i i |
i onv {02 &
- 3N SI YNOH 30 4IVH ONOD3S 1 1.5
d3s - MN S| ¥NOH 40 4VH 1SHI4 e “og o
%3&3% 343%3133 .«411144._.3:343! o M-JU
aj:: L 1 3
| 2
- 101 m
. . =
- J02 &
498 3vd f . Hdv '
avd AN -0
31134444133<313343 3%%33 3343-311343‘44434344‘3 . O
_ ~é 1430} e T
- - 3 ]
- 02
yv 834 €961 NVP Jg¢

%EE%E:::?;

. .f,.s,.?:?;%:f W T s

ARl M AR i e

T e A PO

il 1 i it
G

s it A it 0

SRR B

31

bt




iR et L G B Kb B LR A AR R G R R e i Ui A e R B b L it e G S L MU G R el e G A S B R R A o S B

| v96! ONINNG €-0 ‘9% y¥oJ

| SLHOIZH Y3AVI-4 LV S3ILIHVIN93YYI GINSITY Q1314 WOYH HILLYISHOVE 11914 :
| 183
o $2 8l 2! 9 0 2 8l 2! 9 0 ¢ 8l 2 9 0
@ Inasasaaaas il il s asndastsastansnsnadinanaasnsnsasl [adasaasaaidaniadisssniasiobnnsasanannaasandsinns]
i T L T 1 T 1°
f . - _._.c 101 §
* | . i H
ﬁ_ n 7 402 «. ,,m
= AON 190 Jog t
4 !
i ] (M AS A A A AR R NS AR LS A R RN ASASasaa R ERR SR RS ] aasas! T T T T O YT TV T T I VYT YT T TY YY) WW,
$ i 7 = . 10 ,
i ] ] T .
L;”W - 1 —101 R
S . - 1 =
.ﬁ, - Ny _ oz &
” . - . b4
f g3s | 3N SI ¥NOH 40 4TVH ONOD3S ] e Joe
i MN S| ¥NOH 40 4TVH LSyid o
R 1
P (MAMaa ettt At MM AL M) WM AR MO LAY AR AR 2t P T T w ~
 § - -2~ o4 - 3 - o cC "
|98 _.= |24 ] |=-=.= | 3
. HJo1 R
. . b4
. H02°q
Joeavd J i} HdY ’
NAP 3w AVA ;8
(MM MAAAASARASRAAARAS MASARALALAS AA AR LML A8 s Al ol Ar RN AR AR A RE Al M RAAZRAAR RN AR RS RLRALE Y] R a sl oy A R e AN R RS AEARRE AL ML) RARE AR AR AL}
L o)
Joz 1
HVN _ 834 P96l NV Ipe¢ 4

il

A o



SLHOIFH ¥IAVI-4 LV S3iLI¥VINOIUYI G3INOIMV 1314 WOH4 Y3LLVOSHOVE

e 8l 2l

9

183

561 ONINNG €-0 *3X ¥o4

0 ¢ 8| al 9 0 2 8l cl 9 0

T

IS A |

1

93Q _

d3s

MAAAdALAa s st Maad s s ot RS ARAASAS AARAAS SRR RS]

NP

o Aot o o I A S, i
“

W

AL D RAKS O Al

T

[aaaasanansnsasanasnssans AR RAREANLS RARAAAERANS)

JE....EE

AON

) onv

3N SI HNOH 40 4TVH GNODJ3S
MN S) ¥NOH J0 JTIVH L1S¥ld

'.HJ oy

joe3vs AVI
avd ]

2l 914

J._.H.r._ i)l 0
Oi
(07
100 Jo¢
= 40
:E. {o1 ®
. . o)
102 &
: -4
ne lomm.
8
33%3%3
1 1 A 10 €
- e
101 @
. 4
102 &
udv log
= 1°
401
102
s96! NV o¢

33




P T T e O F T T

N s e R T

TR IR,

A TR R el

G96! - 1961 ONIYNG 6-t “I% HO4 HLNOW HOV3 HO4 ¥3LLVISHOVE HIAVI-4 JOVHIAV €

1S3
144 8| al 9 O 2 8i 2l 9
faaasastsasae oo MARTRI 14 DN ._...2,_.111_.11141111._1 1441114114441«13.44111«44"43J§13
e Il

| 930

MR AR NS RA MRS AR ARAS MASAAAASEE RAREARRR S O]

e

"3N SI ¥NOH 40 47VH QNOD3S
MN S1 4NOH 30 ITVH LSHId

i

O ¢te 8l 2l 9 0

[niadaaanat o RA RS AR R A Rdat A2 g an sy anndanad s oo

.: 120

Inaanasnissaliinaissanstsdisnnatsdd IYTrITYeYrYTYTD

Inoaasandiasdnasi s Ao ns fdhe1 1411441—24.1_‘1—..131

|

d3s

Nae

[anasadatha gl bars SRaddl dy ae Rl auas goas fo gh s s st

R R —

i

i

u

onvy

[naaahaaRAs s ndaaiaaiii s aaiens il nalonsnsasnsssnsl

Nl

ne

[aadada bR AR SRR R R AR RN LRES LR AT R R R L S R TR )

w t%l—._ CCG.“

4983va ) AW -

vy ]

T T T I I ETT T ey Y I T T I F Y T I T I T Y Tr YT T

,s.d,c
L

ddv

—444411._.14¢4.1~4u:._._. .u...u.-:-._.—‘-—.-..;J

= T

]_,__

NP

SR

-|O1

014

101

~0¢
-10¢
-0

dgo

.xo_
- ON

-02

3ON3YY¥NIOO0 LN3IOY3d

ek

34

Ll ey




™

pilid g;égﬁ,igiﬁais,;t.\,g;,.asgi@%%:ﬁ%.,.%z;%‘%%é%ﬁz325iigﬁgaﬁgié3%.3;aé%E%%g%zé%ﬁ%%m.z%%gﬁéf_5;332izq,ﬁéa.%,,;%g;.,;{s,,ﬁgziéﬁa,ézsés%aisgag_,%g%;%gaig_

[ L TR A S L T S R . » o S
" *
»
.

G961 -1961 ‘NOSV3IS ONINJS 3HL ONIMNG $,3v4 40 NOILNBIYLSIA 39NVYH “bl 913

! (99sw) AvI3Q
92 2 22 o0z sl 99 I 2 Ol 8 9 b

;
4, 2
A z
(o]
i m
f 2
g - o
N n
i x
o
b o=t
b &
NM 4 02
: )
1 A“W
_‘___.,_ m
z
mwm_ - - - o

$96| —— ~——
nmm— o0 0soveve
. 296| ——
: 1961




et R

UG I R I et e L e b

Uy

SY3AVT 4 ANV 3 3HL NI S3ILIYVINO3YYHI A3NOITTV 41314
WOY4 43i1vIS 123410 ANV S3AOW NOILYOVdOdd dOH-ILTINW 3181SS0d "SI "9id

N

4311VIS
103410

Y¥311VvOS
103410

S SR

36




30
20 |

OHI3 30 SHNOH 30

1
) o

Y3IBWNN

DELAY (msec)

ek Nl Ho 0 bl

FIG. 14. RANGE DISTRIBUTION OF FAE's DURING THE SPRING SEASON, 1961-1965




SYIAVT 4 ANV 3 3HL i S2HLIYVINO3YYI GGy G314
WOy E311VDS 1334810 AN SAQOW NOILVYOVAOHd JOH-ILINIK 37181SS0d "GI "914

4341908
103yQ

4311Vv0S
403410

SN
) ch /# ,..

P f:f i

36

bt




TGN S e G L R e T

i

37

k
I
I :J
f _ !
| o P
\ T T T T T T T T T T & 3
t i
| \ o _
- O
— DT W0 i
& OO
V. RO OO <
A - e e e aen e e <
1 $
y, _ bl
3 ! H
Al_,.,H - [} m _ ] N 3
'y @ '
AH_, , "
_:,. € ___
;o N i
g,‘ r m Vl 14
P- - z ]
;__ w
(o]

SUMMER SEASON, .961-1965.

- ©w
"""
- o i o o L
llllllll <
[~ ‘f'"' "'”o‘ﬁ woneres®tts .\
co'o:-oot-'lo‘. {ﬂ.ﬂ bl TR
\Gﬂooto. Al = . m——e.

oo
---------------

FIG. 1€ - RANGE DISTRIBUTION Ol FAE's DURING THE

OHO3 4O SHNOH 30 ¥3IBNWNN

)
b



g e IR W‘,ﬁﬂ.-m«rwr,_m,“ e T T i T
N g WA gt el T et \_*_,;\»;,.f."_r{;;,. PR T = =

& & A - SATT e TS e P
s P e o RS AT T

‘M""#«“—@"‘
Mg;)g—'ﬁw“ e

e e

T

26

24

L (i A
TS v

m

=z
(®)
(4]
<
wl
3 .: :
= ') < O \ 8 :j
E _ _ o |
E ©
e ; e w
E - ‘ . l " ' E )
3 . ‘ i 7 -;
|1 A s 5
. .. © g i
' : o o e
v ¢ 3
- i | > 2
. ;
% el \:’1 g
; | N~ °/ a
» —

. R :
/"> .o‘:’ O z
3 /.,’ L% -
— -

o exbiy LN

g

o~ LR N -
—— e :
. . o ° |

——— x

.\ - \\ A A
- —— 1 ]
; \0 _;
.‘; e — B e E:
2 ) . ,——.—\—s«-ﬂn /
g —— - —_‘_’;—. . q.
\ ——" e e -

=3 '__..4—"" Lee® -~ —
E C * s mmas o «® * * — < - — —
= s ® ol « vty - 'd-——"’ -
2 w?Si e ertm—— o % W"’
= e @ SO PEE SRS G S - . o~ ]
=3 g

L ¢/ o
[Te] o 7o) _O_
o o~ -

oHo3 40 synoH 40 YIBNNN

35
30

5

A




RGBS R oy LRk ap s e b o G v L ki T B ‘__Ej.ggggﬁgg‘sﬁ;ﬁg_*Sg%%%@éé%ﬁ;ﬁ;ﬁ%,_%&%_.s._.E,E%Rié%ﬁiﬁi%ﬁﬁga%sa§§§e§§s§§§%§§é

34 40 NOILNGI4LSIg IONVY ‘g "914

ikt SRR

S TR
T

-
R

39

i ey

=
|
:

OHI3 40 Synow 40 y¥3gwnn

g P96] —m e

m; nwm‘ *e0ses s

196} ———ee,

- *_,ugg'.‘.,,

e S e

AR Ut s i A A T

,,;%ax}ii;?aisggg%ié;ﬁ% :




A %ﬁgéﬁﬁgﬂﬁﬁgééﬁﬁﬁﬁﬁﬁ}dﬁﬂ :

1961 404 $,3V4 40 NOILNG

R R AR

(41S1Q 39NVY 3aH

(sesw) Av130

Pt U]

,ﬁ;__%_.q§2._,_Q»_5,g_éaiﬁﬁgﬁﬂﬁéﬁg_ﬁﬁ b WS

| 40 N¥3L1lvd 1yngng 6l 9ld

AHROTM R SO SRR TR

— o il
(ARt AR AT AR

2¢ 02 8l o) v\ 2 o]} 2 0 o
1 \_llll 1 ql.l!l ] T T :
S el IIII\\\ lt_l/qﬂ/Vp.,. ’ | .
TN ! ,,
NN N 101 .
. il ,
ik
i qo
:§ “ Zz M
; 408 3 |
_ % ;
_ loy %
_ 5 2
H c
_ {os B
_ o
/ m
| 109 3
_ 5
W
. p2-8l — = \ |
., 81-90 === \ _
s3y 90-00 — /_ 408
/_ 406
i i 1 4 )| ) i i 1 “ i
e b e



B B A L B A e R T N Y ST A R T R T W T R TR T T W AT

T S e AN, M N A S e RGP AR b W em a1 A pemoe i 4n e . . Cow

LG AT LA EAT MR R A A R LT AT Ry T R U R T A TR e i

oo

961 404 S,3vd 40 NOILNBIYLSIA JONVYH 3HL 40 NY3LLlvd TYNYNId "02 9id

| (99sw) Av13Q _
92 b2 22 02 8l 9l 4 2l (o] 8 9 2 2 0
| /r
} /Io I
- ) - 01 ,‘
| N
| " ~02 =
, <
m .
m
- -—40¢ ™
(@)
G m
: | i - 0b m
G
mﬁ.m p - I_om m..
- m
. . v2-81 — — o z
A ., 81-90 ~==== 0
sy 90-00
0L
1 1 ] 1 1 1 4 i | 1 I OD

LA LN A Ip. b bl Rt b B ' v Lt L o e T Lt g 0 e b i N T ¥
i,,fg%%%%ﬁ%%gﬁﬁ%?f% AL SAA i bn, Yo b NN A R AN,



BT T AR Y AR S R R R S G ek T AT TR R Tl a__a__“_",:sggﬁiggséﬁggégggs
4 ;_ Eﬁ

,“ ' B : . m
| g

;

$961 8 1961 HO04 3IINIHHNIO0 3vd TV 40 NOILNGIYLSIT 3ONVY ZFOVLNIOH3d 12 '9Oid m

{ -

(d8sw) AvI3Q

V 92 b2 22 02 8i 9l bl 2! ol 8 9 b 2 9 i

W R B = X o o P ..hul_ll*.lnl._ll - :

W o o o o ond “ !

,_ r-l ‘ M.

! - b oo o - m |
| m
: o)
,ﬁ N
, - <101 =
L_J =
D
m
- 161 o
.” m
[ _ .

(. - _ 10¢ ~ S

b ! 8
; . | ez S
4_. - - “
: 3
Hog O

H3ILLVISHOVE $96| =-—-—
H3L1vOSHIOvE 196| —




T B B T B T P o
g LA A Ak Hosu R LE L L S SR UALAD PR PR W

————r i+ o

5961 - 196! E
'SA0IY3d GIGHNLSIA ANV LIIND ATIVOILINOY ,,q__
ONI¥NA (3) 3vd 4O HOIAVHIS TWNOSVIS IOVNIAY 22 Ol |

-—-mu N
ve 8I 0O 2 8I el ;

§j§i41434ﬂq.3343 14441344444.134.13 FTTTITTIIIT Y -_ e YT :;1.

[P Sy .

H3LNIM - H3LNIM

[AAARAASARAAS AR AR AR AR naaans e i n Ra R E222RL 2] —.4,:.—1—4-4—-.—44114-3:.-:_.—.__d._._c—._;-;.:

EEE_SE TR

0
m
171V . 7vd 3
- m
| ‘3" SI HNOH 40 27%H ANOD3S Z nw
| “MN §! HNOH 40 4TVH LSHI 4 ~
ﬂ-ﬁl-..........:._._.-._..._....._._-_._._..._: Laa A R R N I N R NN RN R R R R LY O
- 10 o
U e
go_ 0
HIWWNS 43IWWNS 2
i m
‘ 0¢ =
. O
' m
FTYITET VI i ey rpegeyrpagoarerrreyegerrg (ITT I rv T eI e IV oy et s ogopepagugugny |
I —I C ™ RO Iy ..;O f,

ONINDS | ONIuds  9° ,_”

-t 44 $39 8 3v4 ] .0 44 01
6-v ‘I avs ¢€-0 “3)

[ -




bt st R R B S R T L AR R R S U G e L Bt e

6961 - 196l

‘SA01Y3d A384NLSIQ GNY L3IND ATTIVOILINOVIA

ONIMNA (4) 3v4 40 HOIAVHIE TYNOSY3IS 39VH3AV €2 Old

1S3

144 81 al 9 0

T A PTITTI T O I TT O ST T T TITTT

i

:.. MILNIM |

—JJJJ...-..._.-._.-...-.—-._....._-.—.d-f....._
‘jﬂ_ |

vd

reerr Ty _.—4-.-...-._.—4-.-:..._._‘u._..<-._-_

<= =

43WANNS

(Aanauansiansns bl at AR RE ML ML ARARE RASEREANR RS |

IC 1) T ICJ

-4

-
-t

o

ONIYdS
‘_mv_

e 8| 4 9 0

anihuatial s RANA S b RANE LY AR RR I A ANN AR AR RALY]

-r !— EE:%E e

H3LNIM

S NRESARARERARARNARRARARE LA SRRRARAS RERARERS
m LM T

Ol

3N S HNOH 40 47VH ONOJ3S nvd
MN SI HNOH 40 JIVH L1SHId
-:......:....._..-..-.-...-..4-._._:...-...-._

< .ﬂ

H3IWWNS

—.-444.....-._4.-_.......-.-.....-..-.-..._.-._._

.5 ]

49e3vd ] ONIYdS .
3vd ] .
¢-0 4y

Ol

0¢

101
oY

02

10

Ol

Ol
0¢
(0]

3ON3IHYNOD0 LN3OY3d

44

ok

T




T T T S T B MR TR T

e it

gt

| _.
| ¥y X3IANI DILINOVIN 40 NOILONNA SV (3) 3vd "0bZ '9I
«—— Hdy
8 L 9 S 14 £ [ I 0
I { ! ! I «—.'I " _||I..“ I
G698 68611 16621 GIS9
996¢ / \
NOILVAY¥3SEO 40 SHNOH

6501

G 86l

3N SIN3S3¥d3Y
TVAHILN! X HOV3 30 341VH Pue

MN SIN3S34d3Y
8| TVAH3LNI X HOV3 40 47VH I8!

sy ¥2-00

o B S A

A L

o]}

02

o€

oy

%

3ON3YYNID0

45




44y X3ANI J1LINOVW 40 NOILONNL V SV (3)3v4

m.._v_

mmswme.mu_o
TTT T[]

b~

]
N_r..- ¢ -

TR

_ 8 _ el _ P _Qn_ _nvs__tmm_wnwv_nmmn_ntwn_nhmn
-~
NOILVAN3S80
‘s$4y 90 - 8l

b2 "9old

-1
-1

L
L

_ L | 9 _s._ _ow _v_n _omn__anov_vmmw_mvmo_ovwn

—

'S4y 81~-90
abe " 9l4

40 SH¥NOH

‘dpe8ape 914,

0l

0¢

o¢

ov

oS

09

3ON3YYNIIO0 %

46




=

VLTINS

Ml BB PR NS

00 - 24 hrs

SHADING REPRESENTS GROUND-F RETURNS
IST HALF OF EACH K INTERVAL REPRESENTS NW

2ND HALF OF EACH K INTERVAL REPRESENTS NE

1059

A w——

3
X

Pl Tl g "

——

-

<
"]

= =TT
g
it i)

e g
wt ]

3566

s
il

8695

LT T
b
D i
t sty sty
ummq,,,.m},}},m},},}h
flfsit |

g
mu,mnnln!mnmm
"“Illll|l||||l||'lll||l
lllu|l|l|l|lll,,|l.||,l|h,
:"lll"||::'l|.:|l:;l|||u|

HOURS OF OBSERVATION

1

(T
Dygndtgrtet)
gt

11989

g puptng
lllm:“mu:l.l

M
.

iy
“l:lll

12591

¢

JINIYHNII0

5

47

%

Keg —>

FAE (F) AS A FUNCTION OF MAGNETIC INDEX Kgg

FIG. 250

i
s

"

&

!

jat

ST

Al b
7 St A

(b i

b

b, i

ing

1

b 4
D AT

2

R A G A 0 P A b i R L 30

S A A



e

Tostans

=

g AT

AR

QAL AR S A

W R T g

Y4y X3ANI JIL3INOVW 40 NOILONNS V SV (4)3V4 "2G2 8 462 'Old

18

SNYNL3Y J-GNNOYY S1

121 128 |BEI |ShL (1622/959h,S655EH9GSL2E,

T NOILVAY¥3SE0

$1y 90 - 8l
262 '9ld

mmv_
6 8 L 9
|3 1 ] muw
. .y
-9
-8
Pl -101

N3S34d34 ONIQVHS

L8 (L1409

40 SHNOH

—

Siy 81-90

| ¥1€ |S2€),6E0bHEEBYEI0b2E

962 '9ld

%

JIN3YYNID0

48




G R b e St A

96! 96t £961 2961 1961
ONOSVIPIPTANVYWNIPONOSYIPIPTHYNIPONOSYP PTWYWIPONOSVYVIPTIWNYWNIIPONOSYPIPTHYINIYL

q--——-—-4|~\_-__-a_-._-_—_-_—-—-—_-__-—_—_-.__-_—~—-d--
B

1

N

o
o o~
(2]
o
L ")
o
<==$~ z
S
-
©
o} S S T

(4]

Ll

n
o
1 i

R f
[}
| il
<>
©

2l

€l
14|

St
9l

Ll

81

6!
0¢
12
ee
€e
ve
i0
c0
€0
v0
G0
90
L0
80
60
]

G96:-196! H04 €-0 Y% Y04 SIOHIZ ¥IAVI-3 40 SHNOLNOD IONIHYNII0 3OViN3OY¥3Id 92 "9

<+«—— (153) 3N1L

49




GO61-1961 HO4 €-0 ¥3) Y04 SIOHNIT HILYT -4 40 SHMNOLINOD 3ONIYHNDIO 3QVIN3OH3d L2 "91d° .

GOk! pasl £96! 296, 19¢.
A ONOSVY PIPWYWATONOSY P PWVNIIONOSVY P PAYIKR SP"INOSYPPNVINIPONOS Y i Ui !
- __j._—q__._:___‘__]__JJJJ...A__....~____.____:._.—_,..,..JJ~.__I_00 ir._

- [

.r oo % ” ,,__

.

1

» mwmo
-— ml -
i : ¢
-- - . =
= - L
m (=]
3 -— [¥e)
m .
0
- u
-
™ (o]
-
-
= i ve
..._‘._...___..___..__.p___________________J.________L__

by et e sl x_:ff,;_._ it binh 1 iy e

", b (b LA e,




(IS E ERG T U SR b e ettt b T s R GRS S

T o v 0 R AP R T FL T O AT 4 LA

R A

GO61-1961 04 SHIEGWNN LOJSNNS HIOI¥NZ NVIW '8¢ '9Id

a 696! ra v96! ra €96l ra 96l rg 1961 r

d—_.-q.___.ﬂ.—__.-_—A._d_-—_ﬂqqu—-41-——|--.-~—aq-.-4«—-—_u

0

(o]

0¢

101

O
q-

(@
n

o
©0

O
~

PTG B R P

ATHINOW

<«—— (Z)¥4 NV3W




Bt e

BB e rme come oo e e o e _

REFERENCES

Aarons, J., H.F. Auroral Backscatter and the Sciantillation

Boundary in '""Radar Propagation in the Arctic', AGARD
Symposium, Lindau, Germany, Sept., 1971.
Aarons, J., and R.S. Allen, "Scintillation Boundary during
Quiet and Disturbed Magnetic Conditions",
J. Geophys. Res., 76, 170, 1971.
Aarons, J., J.P. Mullen, and Sunanda Basu, "Geomagnetic
: Control of Satellite Scintillations", J. Geophys. Res.,
68, 3159, 1963.
- Agy, V., A Model for the Study and Prediction of Auroral
Effects on HF Radar in "Radar Propagation in the
Arctic", AGARD Symposium, Lindau, Germany, Sept., 1971.

Bates, H.H., "The Aspect Sensitivity of Spread-F
Irregularities", J. Atmos. Terr. Phys., 33, 111, 1971.

Booker, H.G., "Radar Studies of the Aurora", Physics of
the Upper Atmosphere, edited by J. A. Ratcliffe,

LA A S ol A LA S i A A L A N s e

Academic Press, New York, 1960.
Bowles, K.L., "Radio Wave Scattering in the Ionosphere",

ol i i b

Advances in Electronic and Electron Physics, edited

by L. Morton, Academic Press, New York, 1964.

Db

Chamberlain, J.W., Physics of the Aurora and Airglow,

Academic Press, New York, 1961.

Keck, R.D., and G. L. Hower, "Backscatter Radar Observations
at WSU - 1957-1966", Washington State University,
College of Engineering, Research Report 68/16-45,
Pullman, Washington, 1968.

Leadabrand, R.L., Electromagnetic Measurements of Auroras
in "Symposium on Auroras'", Palo Alto, California,
January, 1964.

Malik, C., and J. Aarons, "A Study of Auroral Echoes at
19.4 Megacycles per Second", J. Geophys. Res., 69,
2731, 1964.

52

! (g (bt gl fgni, 0 1154 f Pk
y AL S . i AL AR A YO SR AL b N LA kS ]




Mendillo, M.. M.D. Papagianis, and J.A. Klobuchar, "A Seasonal
Effect in the Mid-latitude Slab Thickness Variations
During Magnetic Disturbances", J. Atmos. Terr. Phys.,

31, 1359, 1969.
Paulikas, G.A., "The Patterns and Sources of High Latitude

Particle Precipitation, Rev. Geophys. Space Phys.,
9, 659, 1971.

53

B

3
3
=

A RS AL S A AN R L

7

Ji

L



